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[57] ABSTRACT 

A new and improved honeycomb core and honeycomb 
panel are provided with a new method of making hon- 
eycomb cores and panels. The honeycomb core is fabri- 
cated from conventional or higher quality corrugated 
fiberglass sheet and the honeycomb panel has a resin 
core that is fiber filled for strength. The method of 
making the core sheet has the steps of providing corru- - 
gated rigid resin panels, abraiding the corrugation 
apexes on both sides of the corrugated panels, applying 
adhesive on the abraided apexes, stacking the corru- 
gated panels with every other corrugated panel being 
flipped over so that the apexes face each other, bonding 
the apexes and therefore the corrugated panels together 
to form a cote block, and then sawing desired thick- 
nesses of core sheets off of the core blocks. The core 
sheets are subsequently bonded into finished honey- 
comb panels. 

12 Claims, 3 Drawing Sheets 




02/27/2002, 



EAST Version: 



1 . 02 . 0008 



U.S. Patent Apr. 9, 1991 sheet 1 of 3 5,006,391 




02/27/2002, EAST Version: ..02.0008 



U.S. Patent Apr. 9, 1991 



Sheet 2 of 3 



5,006,391 




02/27/2002, EAST Versim 



02 . 0008 



U.S. Patent 



Apr. 9, 1991 



Sh... 1 of 3 



5,006,391 




02/27/2002, EAST ion : .02.0008 



5,006,391 



HONEYCOMB STRUCTURE AND METHOD OF 
MAKING SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention pertains to a new honeycomb struc- 
ture and to a new method of making structural honey- 
comb. 

2. The Prior Art 

Honeycomb is generally described as a structure of 
hexagonal thin walled cells.Most honeycomb structural 
panels have a central core of thin walled cells, and a 
structural skin secured on the outer surface of each side 
of the core, with the skins being normal to an aAis of the 
cells. The cells can be either exactly or approximately 
hexagonal, or square or of some other geometric shape. 

The most commonly encountered honeycomb struc- 
tures in nature are bee, wasp and hornet made struc- 
tures. 

Man made honeycomb structures are being used for 
many purposes. The typical use will require light 
weight, stiffness and high strength. Typical actual spe- 
cific honeycomb uses are floors in aircraft and loau" 
carrying vehicles, platforms, walls and building panels, 
doors, sporting equipment, pallets and skids, and pack- 
aging. These specific uses will typically have a struc- 
tural skin on both sides of the core. 

Honeycomb core with a skin on only one side also h?s 
utility and is used for material handling and distribution, 
ammunition storage, fuel cell cores, molding and for 
other purposes. 

A wide variety of materials have been and are used as 
outer structural skin material, ranging from simple card- 
board to the most esoteric fiber filled resins of the aero- 
space and armor industries. 

Material usage in the honeycomb core has, however, 
been restricted to lesser performance materials such rs 
paper, cardboard, and aluminum. All these core materi- 
als have corrosion suceptibility problems and none are 
effectively useable in water and many other corrosive 
liquids and environments. 

The paper and cardboard cores degrade when wet, 
and both the paper and aluminum cores are attacked Vy 
bases or acids. 

Usage of these honeycomb structures has been lim - 
ited to dry and somewhat protected environments. 

The core materials being used have not been of p ;r- 
ticularly high strength. The aluminum honeycomb n t 
use an alloy that can be formed to make the eel! War 
structure and the extremely high strength relativ lv 
brittle alloys used for flat panel aerospace applies ii ■ 
cannot be effectively used. 

There is only one known example of fiber rei.:fort*j 
resin honeycomb core in use, and it is available under 
the Hexcel brand name. This particular material . 
long fiber made into something resembling r a f - 
which is provided in a soft non-rigid form. Specific, 
it's in a folding accordian type structure that ' v 
compressed and stretched and matched to sln^.t- p.. ; 
or compound contours. It is available in a nv> < : m 
thickness of about 6 mm (0.24 inch) and costs ar it i . : 
per square foot. This materia! is then bonded ar i m, 
rigid by being dipped one or more times in a pen. ;,a; 
resin. The more limes you dip this core, the nu-re r 
you build up. The specific end uses of this core i.-o: 



are not full) 
use to aero; 



known but its cost must restrict its effective 
: >.i. e a i /or military end uses. 
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set of this invention to provide a new hon- 
ct .re having an improved fiber and resin 

biect of this invention to provide an im- 

, .omb core of corrugated fiberglass. 
\ i.' i of this invention to provide a new hon- 

: having at least one surface sheet and an 
u^heii fiberglass cellular structure, 
-v-ct- of this -invention to provide a new 

a ,ip.g honeycomb core, 
hj ct of this invention to provide a new 
ing honeycomb panel with an improved 

a : ar structure. 

\ALY OF THE INVENTION 

. c"corr.b core has a plurality of corrugated 
"■-.*. panel, the apexes of the ribbons are 
^ernmnently bonded together. 

comb panel has at least one surface 
• ycer . b structure secured to one side of 
■ l , t i honeycomb structure is formed by 
cr - t ;ited cell walls which are sub- 

: rr t ;:ted rigid resin panel. 

v - c\ has first and second surface 
core devised of corrugated rigid 
j hesive permanently securing the 
■ ^ ca (he core. 
. -i W j . honeycomb core has the steps of 

- a exes on both sides of a rigid corm- 
n . r adhesive bonding, applying ad- 

- pi . r; d apexes, placing the panels in a 

« to form a core block, and cutting 
. c - core block. 

honeycomb core has the steps of 
•>.\ ! pieces of rigid corrugated fiber 
• : 1 1 !, arranging the pieces in position 
; . ■-. corrugation apexes of adjacent 
against each other, and perma- 
1 1 ed apexes to each other to form 

.:£es, features and additional ob- 
vention will become manifest to 
.i upon making reference to the 
nd accompanying drawings in 
embodiment incorporating the 
cnt invention is set forth and 
rrative example. 

ION OF THE DRAWINGS 

:. I view of the preferred embodi- 
• . . panel of the present invention; 
w in section through lines II of 

.Mai view of the processing of the 

e vational view of the processing 

-ial view of the adhesive applica- 
. ore structure from FIGS. 2 & 3; 
ma I view of the bonding of the 

!G.5; t 

nal view showing the cutting of 
ire sheets; 
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FIG. 8 is a process flow diagram of the assembly of 
the completed core panels; and 
FIG. 9 is an alternative process flow diagram. 

DESCRIPTION OF THE PREFERRED , 
EMBODIMENT 

In accordance with the principles of the present in- 
vention, the preferred embodiment of the new and im- 
proved honeycomb panel of the present invention is 
shown in FIGS. 1 and 2 and generally designated by the 10 
numeral 10, and hereinafter referred to as the panel 10 
for brevity. 

The panel 10 has at least one and usually two outer 
surface sheets 12, 14 which are spaced apart from each 
other and which are of a conventional material such as 15 
wood, fiber resin, metal, ceramic and so on. The inner 
surface of each surface sheet 12, 14 has a layer of appro- 
priate adhesive 16 which is preferrably an irreversible 
two-part reactive structural adhesive such as an cpoxy 
resin. Within the surface sheets 12, 14 and the adhesive 20 
16 is a new honeycomb core sheet 18 which is an impor- 
tant part of this invention. The core sheet 18 is perma- 
nently bonded to the surface sheets 12, 14 with and by 
the adhesive layers 16. 

The core sheet 18 is comprised of a plurality t f rib- 25 
bons 20 of rigid corrugated resin panel pieces, wi ich 
preferrably are fiber filled for structural re-info i cejneni. 
These ribbons 20 are cut either singularly or in bonded 
pluralities from one or more rigid corrugated resin an- 
els 22 as will be explained. 30 

Each panel 22 as shown in FIGS. 3 and 4 is a p.--. 1 of 
nominal width and length, for example 4 feet wio- and 
12 feet long. The panel 22 has a plurality of cor.ru ju 1'ons 
that run the length of the panel 22 and which are i. ■< <i I y 
uniformly spaced from each other across the tiai ;\ vrse 35 
width. On each side of each panel 22 and therefore *:h 
ribbon 20 is a plurality of corrugation apexes 24 . v,;m 
define the outermost surfaces on each side of the r -\ id. 

iS a 

. i.s- 40 
in 

i in 



The apexes 24 are preferrably flats, and each apo 
transverse flat dimension which is at least J iKj 
verse width of a complete corrugation wave, 
between opposing apexes 24 are thickness legs ; . 
panels 22 of conventional build are commonly i 
lumber yards and are used for the convention: n- P 
struction of buildings, roofs, walls, shelters, . ' so *S u 
forth. Be it understood that high cost and high ; .V- ( 
mance aerospace resins and fibers are also u ..' as 
material for the panels 22 and ribbons 20 and m. vari- 
ous extrusion and/or formed profiles of the p -..t.s 21 : > 
and ribbons 20 are usable in this invention. H- -f.-ver, 50 
the invention is particularly cost effective wi fiber- c 
glass reinforced polyester resin panels. 1 
In the method of making the ribbons 20 and tl "ore r 
sheet 18, the entire panel 22 is firstly prepared f ■ -ing 
a honeycomb material by being run through a ^ 28 55 
which has an abrasive wheel or belt 30 that ab. / r, the 
entire surface of each and every corrugation aj i4 on s 
a first side 32 of the panel 22. The panel 2* '. ■* her a- 
flipped over and again run through the sander 1 vnicv. i 
abraids entirely, each and every surface of ever;- err,:- 60 i 
gation apex 24 on the second side 34 of the pan \ Ca < 
high production facilities, it is recognized that o It- 
wheel sanding machine can abraid both panel e<, Zl : 
34 at one time and during a single pass. 

The abraided panel 22A is then run through adhe- 65 1 
sive application machine 36 as shown in FIG. • hie : t • :tac 
• has vats 38 for adhesive parts 1 and 2, adhesiv : ,im;\s c :\ \. 
40, adhesive mixers 42, adhesive spreaders 44 a. . .p, - f an 



cation roilrrs 
be applied 
core adhe>! , 
surfaces 2A o. 
rably on tho 
34. The pre: 
thereon arc : 

4a. 

The core 
sides SI. en 
doors 5- t. : 
position .m 
frr-each--^ 1 

.er 56 . , ; . 
r -asonat > c 

.Mign 
p"t ■ ait .1 a: 
\ t a: >1 . 
inverter. • 
i . el 2. . 
> !c 34 v. 
s .V 32 • .i 

.mbcre.l t 
f 1 . 1 a: ' 
; .:. pa. <.. - 
( .'. pai .:■ 
t t ned !• 
pj:icls2 

{ COi i- 

; -s. : • 

1 a b 
1 A. T. 
c ' ■ e ad e 
p . els 2 .* 
1) -ded 
h ~k 5 
' . k 5 
. ;. be 

~0! 

I lie l 
s' --.vn i . 
p Juce i ■ 
it ..vidu . 
< • b! 
• i-sh:- 
. ; a c 
a . cu: 
\s sh 
espv 
<*n ic 
ex 1. ■ 
ugh 
> siv 
Is 
xc 
the 
en \ 
. tee. 

rfa 
. hi> 
si', t 
hti 



■ .t natively the core adhesive 47 can 
with rollers or brushes. Regardless, 
: applied to all the prepared apex 
.; 4 one panel side 32 and also prefer- 
.ir faces 24 of the second panel side 
inch 22 A with the core adhesive 47 
.-.nsferred to the honeycomb core jig 

shown in FIG. 6 is a box having 
■en; n) and single or double bottom 
1. " iie doors 52 lock in the closed 
. ? • expendible box liner 56 is used 
--t^: -lock-fabrication. The preferred - 
. . : Him. The jig 4* is sized to be a 
; . r the panels 22 so that the panels 
o-v upon another. A plurality of 
v 1 .111 els 22A are placed into the 
*. cesive panel 22A is flipped or 
.1 i example the first and bottom 
. 1 si side 32 down and a second 
1 ' panel 22A will have its first 
! side 34 down. All of the odd 
. \ e panels 1, 3, 5, 7, 9, 11, and so 
bottom) will be like the bot- 
h c* even numbered panels 22A 
. . . 2 and so forth) are all posi* 
ici 22A. The total number of 
£ 4fi determines the height of 
* : the desired quantity of pre- 
s 22 A have been placed in the 
vied upon the top panel 22 A 
iaced atop the stack of panels 
' 2 \ is then cured whereupon 
,Hy sets and the individual 
.ihiy structurally adhesively 
rv\ and finish the bonded core 
\- then opened and the core 
:. uitively, the core block 58 
. the liner 56 up and out of 
. ok 58 in the line 56. 
taken to a handsaw 64, as 
; adjustable stop 66 is set to 
of core sheet 18 and, the 
e sheets 18 are cut off of the 
•c in a stack as shown. The 
c sawed with parallel sides 
- -vever, variable thicknesses 
\ ily done. 

ack of core sheets 18 and a 
:i .ce sheets 12 14 arc then 
1 in e 36. The core sheet 18 
s 12, 14, is preferrably run 
nimize the consumption of 
: the weight of the finished 
:2 is placed on a support 
ted core sheet 18 is placed 
. , a second surface sheet 14 
heet 18, a release sheet 72 
panel 10, and a second set 
. ore sheet 18 are stacked up, 
. e a stack of assembled and 
weight 62 (or a different 
ressure or vacuum bags) is 
! assembled panels 10 and 
s 10 and the adhesive 16 is 
honeycomb panels 10 are 
r and completed. 
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Referring back to FIGS, 1 and 2, it can now be appre- 
ciated that the core sheet 18 within the honeycomb 
panel 10 has a plurality of corrugated rigid resin ribbons 
20 which preferrably are fiber reinforced, that are ar- 
ranged with these prepared and abraided apexes 24 
abutted against each other and permanently bonded to 
each other with adhesive 47, which may be identical to 
the surface sheet adhesive 16 composition. All of the 
ribbons 20 are of identical height when it is intended id 
have the surface sheets 12, 14 parallel to each other. The 
complete honeycomb panel 10 is then ready for subse- 
quent processing into a finished product. Examples of 
finished products include shelving, flooring, bulkhcads.- 
diving boards, docks, wall panels, partitions, ramp , 
pallets, swimming platforms, pontoon boat decks and 
the like. The preferred core sheet 18 has ribbons 2' x 
taken from a panel 22 which has corrugation ape\es ; 
with flats that enhance preparation and rxuidin;- .. 1 h 
preferred cellular profile is generally hexagonal as seer 
in FIG. 2, but may also be generally square or of other 
configurations. 

FIG. 9 illustrates a process wherein a prepared an-.! 
abraided single corrugated panel 22 is sliced by the sa* 
64 to make individual core ribbons 20 hi at are 
quently bonded into a single layer core sneet IK 'vhi 
may be flat or have single or multiple curvature of t 
surfaces. 

Returning to FIG. 1, an integral flange 74 is shown ci 
the surface sheet 12. The flange 74 is extendible aroun 
the entire periphery of the first surface sheet 1 2 pi iv i - 
ing hermetic sealing to the second surface ?heci l . di: 
ing assembly and bonding of the finished honey, r .. 
panel 10. 

The new and improved honeycomb eou sheet IS at. 
the new and improved completed honeycomb co*- 
panel 10 are usable in environments where convention 
and known honeycombs will be environmental y a 
tacked and fail. Specific examples are in 'mi Id in/ a - 
struction, sporting goods, vehicles, use\ .mr;: r ; ti i 
and floating on water, uses in agressivc c iirnicai en 
ronments, an uses in factories. 

The new methods of fabricating the cor e sheet 1 B an 
the finished core panels 10 can be effect iv iy j a^ tic^d 
by a single person, a small business, ?r j Iar>e bu. 
nesses. The materials to practice the nu-t;. ^i a-d bu\ . 
the finished products are available at \ t U nit 
yards. The finished core panel 10 is rel-ti . e y low c 
and is of high economic value. 

Although other advantages may be found 
ized and various modifications may te 
those versed in the art, be it understood i. 
within the scope of the patent warrau: . 
such embodiments as reasonably and p" v 
within the scope of my contribution to 

I claim as my invention: 

1. An improved honeycomb core comprising 

(a) a plurality of corrugated ribbons pref. or 
rigid corrugated resin panels, said i\ . ns 
mechanically abraided exterior ape'- ; * rd 

(b) adhesive permanently bonding facii r r - :: s of sa 
abraided apexes together. 

2. The core of claim 1, in which each . 1 .aid ape 
has an abraided flat area with a trans ver> v dth whit . 
is at least 1 of the corrugation wavefon . 

3. The core of claim 1, in which sai \ --v'n i: n\ 
reinforced. 
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■ -f claim 3, in which said ribbons are of 
>-ccd polyester panels and in which the 
: rach bonded apex is abraided. 
: claim 1, in which every other ribbon is 
he the mirror image of the immediately 
'joined ribbons. 
n\b panel comprising 
ie surface sheet, 

'•> core structure permanently secured 

:/ -.aid surface sheet, said honeycomb 

■ 1 being a plurality of corrugated cell 
^ and secured first side to second side 

: > second side and so on, said cell walls 
, -#h ribbons, of a preformed corru- 

: ■ ;in panel; 

. - braided corrugation apexes on both 
t 1 1 ribbons; and 

i ing opposing and abutted together 

■: to each other. 
. r ib panel of claim 6, in which the 

- ace of every corrugation apex is 

>anel, comprising 
r.-i surface sheets, 
et re in between and spacing said 
y? , t, said core being a plurality of 
v ns from a rigid corrugated resin 

abraided exterior corrugation 
sides of adjacent ribbons; 

\manently securing said abraided 

i jthcr; and 

r. nily securing said surface sheets 

■ f said core. 

: in 8, in which said panel is sub- 
; ud sheets and said core being non- 
■crbant in water. 
. c aim 8, in which said ribbons have 
a exes adjoined to each other, said 
: t ing at least 4 of the width of each 
'* -ach flat apex being abraided. 
king an improved honeycomb 
ps of 

* aiding outer corrugation apexes 
each panel in a plurality of rigid 
- panels, in preparation for adhe- 

1: r of adhesive on the abraided 

■ \s in a stack, with said adhesive 

: ics being in opposing face-to- 
. ach other; 

* of panels together while curing 
onding the abraided apexes to* 

•r 1 forming a core block; and 
> core sheets off of an end of the 

'i ing an improved honeycomb 

*. ps of 

' : . i y of pieces of preformed rigid 
n forced plastic panels; 
•ding outer corrugation apexes 
paration for adhesive bonding 
s£ adhesive thereon; 
es in position against each other 
corrugation apexes of adjacent 
! against each other; and 
- ling the abutting abraided 
r and forming the improved 
jm said rigid plastic panels. 
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